The measurement of global sea surface height made by the TOPEXPOSEIDON satellite has provided the first synoptic view of large-scale oceanic variability at the intraseasonal scales from weeks to months. Areas of significant intraseasonal variability were primarily found in the high-latitude oceans, the Southern Ocean in particular. The focus of the paper is the finding of large-scale oscillations at a period of 25 days in the Argentine Basin of the South Atlantic Ocean. These oscillations exhibit a pattern of counter-clockwise rotational propagation centered at 45" S and 3 17" E over the Zapiola Rise, with a half wavelength of about 1000 km. The peak-to-trough amplitude is about 10 cm. The amplitude of these waves has large seasonal-to-interannual variations. These 
Introduction
The intraseasonal variability of sea level, characterized by time scales between a few days and the seasonal scale, and by spatial scales larger than 500 km, the upper bound of the mesoscale, has not been observed adequately until the advent of precision altimetric missions such as TOPEXPOSEIDON. In-situ observations in the tropics are an exception for several reasons, however. First, most mid-ocean island tide gauges are located in the tropics. Second, intraseasonal variabilities in the tropics are particularly energetic. Third, the mesoscale eddies are relatively weak in the tropics and hence are not an impediment to observing the intraseasonal scales. The tropical intraseasonal variability has been interpreted primarily as an ocean's response to the atmospheric forcing in terms of internal gravity waves as well as Kelvin, Rossby, and instability waves (e.g., Wunsch and Gill, 1976; Enfield, 1987; McPhaden, 1996) . The scarce in-situ observations at mid and high latitudes have prevented a detailed description of sea level variability at the intraseasonal scales. The ubiquitous mesoscale eddies often make the signal-to-noise ratio fairly low for detecting large-scale intraseasonal variabilities. Using a large number of deep current meter observations, Koblinsky et al. (1989) demonstrated the existence of large-scale response of the ocean to local wind forcing at the intraseasonal scales. Other studies reported evidence of remotely forced large-scale response of the ocean to wind forcing as barotropic Rossby waves (Brink, 1989; Niiler et al., 1993; Samelson, 1990; Luther et al., 1990 ) However these in-situ observations are not able to provide a coherent, synoptic view of these large-scale variabilities. Because these variabilities occur on relatively short time scales, repeated transocean shipboard measurements are not frequent enough to sample them.
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With its unique spatial and temporal sampling capability, satellite altimetry offers an effective approach to the problem. However, the relatively low amplitude (less than 10 cm) and large scales (greater than 500 km) of the variability present a challenge to the performance of altimetric measurement. Before the advent of the T/P mission, the orbit errors in altimetric measurement are much larger than 10 cm. Because the spatial scales of orbit errors are rather large (predominantly on the order of the circumference of Earth), small-scale signals can be preserved after the removal of the orbit errors by fitting the large-scales to an orbit error model (Fu and Vazquez, 1988; Wagner and Tai, 1994) .
Such procedures often create distortion of the signals at large scales and compromise the data quality for studying the intraseasonal variability. With its orbit accuracy better than 4 cm (Fu et al., 1994) , T/P provides the first opportunity for observing the large-scale patterns of the variability. Figure 1 is the standard deviation of sea level variability at spatial scales larger than 1000 km and temporal scales between 20 and 100 days determined from the T/P altimeter observations as well as from an ocean general circulation model (from Fu and Smith, 1996) . The energy level is generally low with an rms amplitude of 2-3 cm. The maximum amplitude is in the Southern Ocean with rms magnitude greater than 3 cm and peak-to-trough sea level variations exceeding 10 cm in certain regions. The geographic distribution of the energy level is well reproduced by the model (also see Chao and Fu, 1995) . In the Northern Hemisphere where the wind forcing is relatively well known, the model is able to simulate the temporal evolution of the variability with a high degree of correlation with observed sea level time series. Chao and Fu (1995) also showed that the 4 model-simulated sea level was highly correlated with the model's barotropic stream function, suggesting that the variability was caused by barotropic motions. Fu and Davidson (1995) made an attempt to describe the observed variability in terms of a winddriven linearized barotropic vorticity equation without much success. Fukumori et al. (Provost and Le Traon, 1993) , with an rms sea level variability greater than 30 cm. Large-scale annual and semi-annual cycles are also prominent with a sea level amplitude of 13 and 7 cm, respectively (Fu, 1996; Provost and Le Traon, 1993) . There have been numerous observational and theoretical studies of the eddy and seasonal variabilities of the region (Olson et al., 1988; Garzoli and Garaffo, 1989; Matano et al., 1993; Garzoli and Giulivi, 1994) . Recently, the large-scale interannual variability of the South Atlantic was investigated by Witter and Gordon (1999) using T/P data. They discovered a distinct interannual mode in the BrazilMalvinas Confluence region.
Shown in
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There has been little discussion of the intraseasonal variability in the Argentine Basin in the literature. Weatherly (1993) reported the findmgs of high-frequency (periods of 22-28 days) oscillations in the observations made by current meters near the ocean bottom close to the Zapiola Rise, a sediment ridge located along 45' S from 315'-320'. He suspected that these oscillations were due to large-scale barotropic Rossby waves. In this paper we present a detailed view of the spatial and temporal characteristics of such waves from multiple years of T/P data.
Data Processing
T/P measures the sea surface height (SSH) every 6.2 km along repeat ground tracks every 10 days. The longitudinal distance between ground tracks is approximately 200 km at the latitude of the Argentine Basin. The time difference between the neighboring tracks is about 3 days. Although the Nyquist period for the repeat measurements at a given location is 20 days, the measurements made by the neighboring tracks are useful in providing high-frequency (higher than the Nyquist frequency) sampling of the variabilities that have spatial scales larger than the track spacing. For instance, data collected within specified bins (3"x3" ) were used to estimate the amplitude and phase of ocean tides at dmrnal and semi-diurnal periods (e.g., Schrama and Ray, 1994) . In this study we are pushing the limit of T/P data in describing high-frequency, large-scale variabilities.
The T/P Merged Geophysical Data Records were processed with the standard corrections applied, including the tidal and inverted barometer corrections (Callahan, 1994) . The 6 mean sea surface model supplied in the GDR was first removed from individual SSH and the residuals were interpolated to a set of normal points (6.2 km apart) for each repeat track. All the data from October 1992 through December 1997 within a box bounded by 3O"S-5O0S, 30OoE-335"E were used in the analysis. A record time mean was removed from the residual SSH at each normal point. The resultant SSH "anomalies" that reflect only the temporal variations formed the database for the study.
To focus on the large scales we need to filter out the mesoscale variability. A Gaussianweighted smoothing scheme was applied to the data to create smoothed SSH anomaly maps on a uniform 1"xl" grid every 3 days. At each grid node, all the data within a search window in space and time were used to create a smoothed estimate. The halfweight scale where the Gaussian weight falls to half the maximum value was set to 1" in latitude, 2" in longitude, and 5 days in time. The search window has a dimension of 3" in latitude, 12" in longitude, and 20 days in time. Such a procedure is an efficient scheme for producing gridded maps of large-scale variabilities. As an illustration of the performance of the scheme, the result of using the scheme to sample a relatively fastmoving, large-scale sinusoidal wave is presented in Appendix A. It is shown that largescale variabilities at frequencies close to the Nyquist of T/P can be sampled qualitatively with a somewhat reduced amplitude.
Detection of a 25-day Oscillation
Displayed in Figure 2 is the time series of SSH at 42"S, 316"E, near the center of the study domain. An annual cycle superimposed with energetic high-frequency fluctuations is prominent. A spatially averaged (over a 4" latitude x 10" longitude box centered on 42"S, 316"E) frequency spectrum is shown in Figure 3 . Because the correlation scales of the mapping scheme are comparable to the size of the box, the degree of freedom for the spectrum is low. The formal statistical uncertainty of the spectrum is thus high.
Therefore the spectrum is used only to serve a qualitative purpose for identifying time scales of interests rather than quantitative discussions. An annual peak is clearly shown.
A relatively small peak occurs at the semi-annual period, reflecting the known presence of semiannual signals in the region (Fu, 1996; Provost and Le Traon, 1993) . Appreciable amount of variance is observed at periods of 20-30 days, 40-50 days, and 80-100 days.
The focus of the present study is the phenomenon with periods of 20-30 days that was reported in Weatherly (1993) . The spatial and temporal scales of the dipole wave indicate that the motion field is probably barotropic because the period of baroclinic Rossby waves with a wavelength of 1000 km is on the order of 4 years, much longer than the observed period of 25 days.
The 25-day waves observed in the T/P data are probably of the same origin as those observed by the deep current meters reported by Weatherly (1993) . The current velocity spectra at 10 m above the ocean bottom at 42.5"S, 315"E show peaks at periods close to 25 days in both the zonal and meridional components (Harkema and Weatherly, 1989) .
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The coherence between the meridional and zonal components is statistically significant in the 25-day band and the phase indicates a counter-clockwise rotating current. Shown in Figure 8 are the rotary spectra (Gonella, 1972) computed from the data from the velocity records of Harkema and Weatherly (1989) . The dominance of the counter-clockwise component at periods close to 25 days is clearly shown at both 10 m and 198 m above the ocean bottom. The counter-clockwise component of velocities at the two depths are highly coherent at periods from 20-50 days (0.95, above the 95% confidence level with 5 degrees of freedom) with small phase difference (Figure 9 ). The spectral analysis suggests that a vertically coherent, counter-clockwise rotating current with a period of about 25 days does exist near the ocean bottom, consistent with the assertion that the T/P observed 25-day waves are barotropic and involve uniform motion of the entire water column.
The speed of the current associated with the wave is on the order of 1 c d s , computed from the sea surface slope of a 10 cm change over a distance of 1000 km based on geostrophy. However, because of the movement of the entire water column at this speed, the variability of the mass transport caused by the wave is about 50 Sv, a significant fraction of the transport of the mean flow in the region (Saunders and King, 1995) .
Theoretical Considerations
The f/H contours (Figure 6 ) are indicators of the gradient of barotropic potential vorticity in the region. Some of the contours are closed (or semi closed) around the Zapiola Rise.
The fact that the dipole waves are essentially rotating around the Zapiola Rise suggests their origin as topographically-controlled Rossby waves dictated by the f/H contours. A linearized barotropic potential vorticity equation can be written as where q is the sea surface height anomaly, H i s the ocean depth (a variable),fis the Coriolis parameter, and J is the Jacobi operator. For the scales of the observed waves, which are on the order of 1000 km, the vortex stretching term fxH can be neglected when compared to V2q. The geometry of the solution is Qctated by the second term of (l), the advection of the potential vorticity. Given the semi-closed contours of f/H and the apparent rotation of the waves around the Zapiola Rise, we approximate f/H by an axial symmetric function and convert Eq. (1) into polar coordinates centered on the Zapiola Rise:
We seek azimuthally propagating wave solution,
where s is the azimuthal wave number and W is the wave frequency. We define 11 which represents an equivalent beta effect, and assume that p, is a constant. Eq. 
Discussion and Conclusion
Satellite altimetry provides the first synoptic view of the large-scale intraseasonal variability of the ocean. Due to the sparseness of in-situ observations, our knowledge of the spatial extent and pattern of the variability has been sketchy. T/P altimeter is the first that has sufficient accuracy and sampling capability for observing the variability. This paper presents a case study of the Argentine Basin where the intraseasonal variability is particularly energetic. Near the highest frequencies resolvable by T/P, a 25-day rotating dipole wave is detected. The half wavelength of the wave is about 1000 km with a peakto-trough amplitude of 10 cm. Due to the closeness of the period to the Nyquist period of T/P (20 days), the amplitude may have been underestimated. The wave rotates counterclockwise around the Zapiola Rise. The spatial distribution of wave amplitude is correlated with the local f/H contours. The spatial and temporal characteristics of the wave can be explained by a solution to the linearized barotropic vorticity equation. The observed wave appears to be a normal mode associated with the local f/H geometry.
Deep current meter observations provide corroborative evidence for the altimetric observations and the interpretation of them as barotropic waves.
Observational as well as theoretical and numerical studies of the Argentine Basin have indicated the existence of an anticyclonic (counter-clockwise) mean circulation around the Zapiola Rise (Flood and Shor, 1988; Saunders and King, 1995; Weatherly, 1993; Dewar, 1998; de Miranda et al., 1999) . The transport of this anticyclone is estimated to be 140 Sv. Theoretical and modeling analysis suggests that this mean flow is driven by eddies trapped inside closed f/H contours around the Zapiola Rise. The counterclockwise dipole wave observed in the present study might have some interactive relationship with the anticyclonic mean flow.
In an effort of investigating the relationship between the variability of the wind field and the observed sea level variability, we have examined the time series of wind stress and its curl in the Argentine Basin. Data from both the NCEP analysis and the ERS scatterometer were used for the analysis. There was no evidence for any significant wind variability at periods close to 25 days. Wavelet analysis was also performed to the variance of wind stress curl at periods close to 25 days. We found no significant correlation between the variability of the wave amplitude with the variability of the wind stress curl. Therefore we are not able to establish any relationship between wind forcing and the observed wave. Since the wave appears to be a normal mode of the basin, it is probably excited as a resonant response to random forcing. The variation of the wave's amplitude is not directly controlled by the amplitude of the forcing.
Recent modeling studies (Fukumori et al., 1998; Stammer et al., 1999; Tierney et al., 1999) have suggested that there is significant amount of variability of sea level and ocean circulation at periods shorter than the Nyquist of T P . These high-frequency variabilities could be aliased into lower frequencies and cause some errors in the present analysis.
However, such variability has an rms amplitude of 1-2 cm in the Argentine Basin and should not have a significant effect on the result of the paper.
Appendix A.
To investigate how well T/P is able to sample a fast moving, large-scale anomaly, we conducted an experiment in which a simulated plane wave was sampled at real T/P measurement times and locations. The simulated observations were then used to reconstruct the wave for comparison to the truth. The simulated sea surface height anomaly is given by
where A=5 cm, L, =25 , L, =15 , P = 25 days. This wave was sampled over 40 days in the Argentine Basin at real T/P measurement times and locations. The simulated data were processed using the Gaussian smoothing scheme described in Section 2 to produce 1 x 1 x 3 day maps. Shown in Figure 
